\ 



"' vJ ' >' : 



< 

* — ~T 



/ 



This is to .certify that the following application annexed hereto 
is a true copy from the records of the Korean Intellectual 
Property Office. 



m Si s 

Application Number 



10-2003-0010049 



m a a a a 

Date of Application 



2003£ 02a 18SJ 
FEB 18, 2003 



Applicant (s) 



o] 




SAMSUNG ELECTRONICS CO., LTD. 



2003 



07 



15 



SO 









1020030010049 #^ Qx}: 2003/7/16 

r^ai^i mm 

m^&mj 0025 

[JHftfflXH 2003.02.18 

[^*H^61M#3 H01L 

[g*S2| Level shifter having low peak current 

[gSei^HJ 1-1998-104271-3 

[£91 0I9H 

[ CH £1 °j 3 = 3 9-1 998-000334-6 

[51*?l2J^ffl£l 2003-003435-0 

[□aiei] 

[£93 §£&] 

[CH£|oi3HJ 9-1998-000541-1 

[S^^ISe^SSJ 2003-003437-4 

[£9°l ^§2311 331 

[£9°J 9£5:>I3 KIM.Kyung Wol 

[^9Jg^Sjs3 711212-2665716 

[?9SS] 150-045 

r^j ahm^^ai §§5? &&msi\ a^orn^ 104-1505 

i^m kr 

[^9*U 

[£9°l 9^S2I3 JEON.Yong Weon 

[^&J^^^S3 651118-1080127 



18-1 



1020030010049 



^ mX[: 2003/7/16 



[°@gjg] 

[mm 



442-707 

4=2! A| ii? ^yOfEU 117-1201 

KR 
§^ 

^61 S XII 42^21 7? §011 £1 & ii, ^51S X1I60^°I ^§ 

Oil 2\m W^&M m 8?BL|CI. CH£|o] 

oi (ei) cHBiei 



18 

0 

0 



9 » 
426,000 S 
1. fief/H- gA||AH(£e)_1 



29,000 2! 
0 S! 

o a 

397,000 SI 



18-2 



1020030010049 ^^ ^T^: 2003/7/16 

^l^B], * *H2-^> B3i*l^Ei, *fll x\]2+$x] B^l^ , afll £ *)12#^ 

« ^iw. #7i >fli«a^ H^^i^fe ^1^^114 3*1^ €°i*Rr «a 

3#J:* ^*}±L #7l *1]2<^ H^l^Tr #7] <$m\3L°) tiV^Al^^ 

#71 *fll * afl2^-*> H^^l^E^ #7l ^ll^^eflt^cf ^ ^(12^^ M ^4 <£t& 

°1 #7l *lll^H*l #7l *HPf<5} B^^l^sq- #71 afll<g3 B 

^1^ Afolofl <g^£lJl #71 ^^AIS^ ^^J^l -§-^H, #71 ^I2i^^l B^ 
T^E^ #71 B^fl^l^E^ #71 ^2^ B^^l^El A>o]6fl ^^JI #7] °J 

^JL°fl #71 ^1^> B^fl^l^ElSl TflolB^ #7l Kl2<!m B^^l^ElSl- # 

7l ^2^*1 B33*l^e1°l ^^^£Lofl ^^JL #71 ^}2^-t\ B^fl^l^E^ TflolB^ 
#71 ^|l<a^ B^^j^Ei^ #71 B^^liE^ ^^€4. #71 

1#3^ #71 ^1-Sf*} B^l^EiSq- #71 *fll^H*l B 31*1 ^^co] A]jr g 

#71 afll^ B^l^E^ #7l ^lli^^l B^l^E^ ^4^2= 2} Al^ofl -g-^SH 
#^A]Jr.g. ^^Cj-. #71 ^12#^^ #71 z\]2¥-*} B^A^l^E^ #7l *)]2^*1 B 
igUl^EiSl ^i^E.^ a]Jl ^ #7l *))2<im B^S^liE^ #7l *\}2+3]x] B^l^E} 
21 ^icS.^ AlS^l -g-^l-Ol #71 #^^1^21 #B#JL«- ^MS^k 

£ 3 

18-3 



1020030010049 %;^ <£t\: 2003/7/16 

A3.^7\ 3 = eHLevel shifter having low peak current} 

^ ^°1 ^l^^^f. 

S. 1-cr TFT LCD JEL^o]^] A>-g-s]^ ^efl^ e fl>t ^ifl^ ^SS^cf. 

5. 2^r £ 1^1 #Efl^ eflt ^ BM^JEoitf. 

£ 3111 35-3 (Level shifter HI ^tr J=-*l TFT LCDCThin Film 

Transistor Liquid Crystal Display) -^eJ-oluH ^Hr^l^ 3113 4=1 =eH % 

°}^. 

TFT LCD JELEl-oltHofl^ ^«j} 7 fl o^o} 3]^ ^)HBil-o] A>-g-^-cf. 4 
5+^1 31 IS 3=33 s\ a ^(Peak current )7> § ^-M^ TFT LCD S.EM33 ^± 
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£7} f7fs1c}. TFT LCD ^bM^o] ^fl.^s.-g. 7i±X\?} 7 ) ^tfl^^ gflig 32 

<8> £ 1^- TFT LCD S.2M«H Al~g-s)fe. ^efl^l sfllS 4=lHB^ uj-Bfufl^ sJs.£o]ji 

H ^fl ^1 -i- (MN1-MN2 ) , $ltH3*(INVl-INV3)-S- ^lW. °}7HH VCC^r am^^^lfi 
* M-bKHjI VDD^r VCCiL^ ^I2^<a-efl^-g- q-Bj-^cf. ^ ^^1 J:(DATA)^ *fll 

^^(VCC)^ 3*1 « (VSS) aM*1M ^0)^ ^Jro]^. 

<io> <^^]Jl(DATA)7} ^l^'M'iCVCC)^ MPl^- ^H^JL MN1 

^E.(Nl)-8r ^^lefl't(VSS)S- 1<H*1tII Qx%. IEtb <£k\b\ (INVlHl °J 
=^Jl(DATA)^ i&^JlCDATAB)^- ^"3.-?-", ^ 3*1 3l*i(VSS)°l £)J1 o]d\] itj-e^- MP3 
^ €^s]Jl MN2^r Ed^H^cf. VSS efl^t^ Jn2=(Nl)3 4J3L<i ^*fl MP4^ ^£r£) 

71 zz. ^4 t£(N2)b ^2^^211 ^(VDD)^l ^7}7]} ^cf. ^ MP2^ 

VDDeflt<a i^JE.(N2)^ ^JJlofl ^ #^4lJl(0UT) ^ tfJi #^*1Jl 

(OUTB)^ AA VDD eflt ^ VSS 31^1 

<n> oVcflS., °g^^lJl(DATA)7|- 3*13HS(VSS)12 *lH^r MPl^ MNlxr 

cf. ^^IJi^l aV^Ai^(DATAB)^ feel'^H", ^ VCC 3ll9°l <>H 4^ MP3^ € 

MN2^ H-gr^tf. aq-ef^ in=(N2)^ VSS *£°]*\7\] s\3L, ^^(N2)^l 9] 

$\ MP27> ^^.(Nl)^l eflf^r ^12^^^^^ VDD efl^H #el-7>7ti 4gt}. 

^(N1)<H1 ^sfl MP4fe ^H^nf. ^ #^a1s(0UT) ^ #^Jl 

(OUTB)^ AA VSS efl^ 3l VDD Efl^o] ^cf. 
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<12> ojnfl, 3£i (cross-coupled) MP2S]- MP4^1 ^^.(Nl)^ ^^sf icJE. 

(N2)3 3^1 ^ ^^§1 »*>ol(high)" ^ »s.^-(iow)"S 7>7l *H1 (over lap) 5) 

tt -r-^-°l ^7] 7fl 3ul <£l*fl MP1, MP2, MN1 a>°1 ^ MP3, MP4, MN2 AHofl 

og^ ^^(overlap current path)7> ^r^^^f. 5E?b e| ( INV2)£| ^\S.^ 

^^)^B](MP5)^ <®5L+ H^l^Ei(MN5)£] t!Mb#°1 ii.E=(N2H #3} 91?) 
o] ^n^S] o.s. ^-711 S)<H # -^^(total peak current)7> ^7^}- 

711 ^4. 

<is> n^JELS, ^ «fl7fl ol avo^ ^hbII- A>-g-^ TFT-LCD JE.sJ-olulsf S.A) 

^(display device) ^H^- 31*1 4=1^ <>} % ^3.^1^-1- ^s^}^ ?H nfl-f f^s} 

<14> tcfSfH °1^^^> *Kr 7l#^ ^Mlfe, 5qa^^-7> 3£r Z])^ 

Xl^Kr 31 oicf. 

[^T^^l ^ ^ ^] 

<!5> #71 7l#3 21-^11- ^^>7l ^ ^o^l Kj.^. efl^ 4=1 H^l tt , XU ^ ^112^^ 

Hiffl^Ei, *fll ^ ^12-^-^1- H^H^liEl, *m ^ *fl2^*l H^fl^l^Ei, X| i g Xl2#^ 

<ie> #71 Xli<a^ H^I^e^ XI i^ ^HD3|. ^leflt *}o]d\]*\ ^o^Kr ^^aijiI- 
^^Jl, #71 X12^^ B^l^-b #71 <^ ^JlS] HV^Al^l- ^A]*M=f. 
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<17> #7l m ^ *)l2^> H^liBiTT #7l ^ll^^efl^Jlcf Tfl 2^^511^011 AA 

<18> s&7] ^ll^^l H^^l^Bi^ #7l *fll-^} H^l^S-). # 7 ] ^loj^ H^^l^iE^ 

^>°H ^^Sl Jl #7} ^miSLS] til^AlJloll -g-^JI, #7l *H2^*] H^^liBi^ 
#7l ^}2^\ H^fl^liE^ #71 ^2 < $^ H^l^liB] A}o)o\) <£^S)JL #7l <^ ^^l^^l 

<19> #71 B^l^E^ 711 olH^ ^7l ^I2°j^ H^l^E-l^ #71 ^2^*1 

B^^liEi^l ^i^ELofl <£^S\JL #7l ^112^> B^^iBiS] TllolE^ # 7 | 

<20> #7l *lll#^^ #7l ^flPf*} H^^l^ElSq. #71 ^1^*1 H^H^l^Ei^ 3^=- 

J=£| A] J: ^ #7] ^liol^ B^^l^Ei^ #7] ^1^*1 E^flxl>iE^ o] Ajjr 

°\] -S-^SH A o V 7l 2#^^jM=- #71 *H2^> H^^liE^ # 7 j 

*ll2i^*l H^fl^liE^ ^^1=0] X]^ # 7 | ^ 2 oj^ H ^fl^^E^ #7] ^2i^^l 
H^l^Ei^ ^i^E.^] Al^ofl -g-^>c^ #7l #iL^]jL# 1^,8 W". 

<21> U>^-3l*>7l^^ #7] afll * ^]2^^ H^^liE^ oJ}S.i B€^l^^C»lJl #7l *fl 

1 ^ ^12-f^V H^l^fe 3qs.i H^l^EW^ #7l ^1 ^ ^|2^fl*l S^l^r 

<22> *>7l^^ #71 ^1#^^ #71 ^2^1^511 13 -4 #7l ^^lefl^t Al-Ol^l 

^^tt 2)5.^ H^^l^El ^ ^fl£i H^l^E-l-I- ^til*}-^, #71 3ls.i H^^l^Ei 
^ TflolB^m ^"71 ^l-^ H^^liE^ # 7 ] ^lli^^ H^^l^Eio) ^^co} # 
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S.7} °17}Z\JL, <$7] «^2-^ H^fl^l^B^ TflolEofl^ ^7] A]l<(m E.^X)^B\2\- ^7) 
<23> ti}^3]*>7lS.^ ^-71 ^2#^^-^ ^-7] ^2^<a-e^3f <#7] ^ *1 31 H A>o]ofl 3]^ 

17} °l7>£|jl, 4 V 7l <aS-^ H^A^l^E^ TflolH^]^ >*7l ^fl2^ ^ H^^l^E^ #7l 
*H2^*1 B^l^E^ ^^.ELS] ^!JL7} <a7>£l^ ( #7] S)5.i H^^liE^ #7l 

<24> ^4 ^ M^o} ^4 ^ ^3 ^ ^ofl <^}o} ^Sjfe- 

^l^^>7l ^siH^ ^ ^-^sl H>^*> ^^1^1- ^Jf S.^ ^ £ 

^* #4*1 ^ A %^3L$= «-7fl» M-Ef-flcf. 

<27> i£ 3-8: tis}^ , °^X)d\)6\] 4=. efl^ ^HEi^r, ^ *fl2°J^ 

*]^Ei(MNl,MN2), *fll ^ *fl2-^V BSH*l^Ei(MPl,MP3), *)]1 ^ *)12^*1 H^l^E] 
(MP2.MP4) , *fll ^ *fl2# 3-^(31, 33), ^ 91^] (INV1)» ^wlW. 

<28> <*|7HH *m * ^2°d^ H^^l^Ei(MNl,MN2)^ <ffla>i H31*l^BH:n. ^ ^ 

HqH*l^Ei(MPl,MP3)Tr z)3-±i B€^l^Eiol^ ^ *fl2i^*l H31*liE| 
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(MP2,MP4)fe ^2.^ S ^^l^Eiolcf. VCC^ ^l^^efl M-Efvfljl VDD^ VCCiLcf ^ 

<29> ^^^ls(DATA)^ ^ll^^efl^CVCC)^ 3*lefl1D(VSS) €<>l*Kr ^1Jl°14. 

^tH^ClNVl)^ ^l^eflKVCO* ^JLS a>-§-^ Jl(DATA)«- °m 

^J:^ ti>^i^l^(DATAB)l- 
<so> H^l^t^l *fl^Kr ^S-i H^^liEi(MPl)-^ ^12^31 *i(VDDH ±. 

$L^7\ <$^S)JL ^llii^(Nl)^ Heflo}o] ^^s)j7 ^l4ii^(N4)^ 7fl°lH7} <g^^c|-. 

<a^s]Jl *fl32=(N3Hl ^.efl-yo] <2^£|:n. ^12^= (N2)^l 7\)°}^.7} ^^€4. 
<3i> *fll^*l B^fl^l^E^l *fl^H^ z\s.+ B?H^^Ei(MP2)^ ^li^CNlHl 

7> ^Sjii ^12^(N2)^1 ^efl<yol ^5]^ ^^Als(DATA)^) Jl(DATABH Tfl 

°1B7} <S^^cf. *fl2^*l ^V^r ^5.^ H^^]^Ei(MP4)^ *1l32i.EL 

(N3H1 ±2.^7} <£^s\ jl *H4i^EL(N4Hl ^efl^lo] ^ ^ a] J:(DATAH1 7\)<>)^7} 

<32> ^ll°g^ H^l^E^l -sfl^Rr B^^I^eKMNI)-^ ^l2ic=(N2)^ =efl^]ol 

^lefl^KVSSHl ^^7> <y^Ji(DATAHl 7iMB7> ^^th ^2 

^ B^^l^Bio]! sfl^Hr ^!£i Hqfl^l^Ei(MN2)-& *fl42.IEL(N4Hl ^efl^o] <£^s\ 
jl ^^lefl^(VSS)^ ±SL^7} <£^.£\JL o^Aiso) aV^Al^CDATAB)^ 7))o}^7\ <&^.Q 
4. 
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<33> *)U#^-*f(31)Tr ^ll^=(Nl)Sl AJ1 ^ ;*fl2^.EL(N2)2] ^1^1 

(OUT)* ^2#^(33)^r ^l3ii=(N3)^ ^.SL ^ ^14^=(N4)^ ^ljrofl 

*H ^ #^^1^(0UTB)1- 

< 34 > ^ll#^-¥-(31)^ S^^l^Hi(MP5) ^ <as.^ H^H^^Bl(MN5)» ^1^4. 

31)2.^1 H^l^Bl(MP5)^ ^I2^i i a-e11f (VDD)^l db-2-^7> ^s}^- ^1^=(N1H1 
7} <&%S\3L #^^1^(0UT)7> #^=ofl £Le11o]ol o^^Cf. oflS.^ 

El(MN5)^ ^7} #^^=oj] c^oio] o^^ji ^12^^(N2)^1 7flc»lH7> ^^jl 
^(VSS)^l ±3.^7} <£^&t±. 

<35> ^l2#^-^(33)^ Hq£^l^Ei(MP6) ^ H^l^Ei (MN6)» ^li^. 

z\5L^ H^^1^(MP6)^ ^l2^i'y-efl^(VDD)^ ±Sl + 7\ <&%s\ji *H3ii= (N3H1 TlMB 
7V ^ v iL #^^1J1(0UTB)7> #^s]^ ^"i = Rel^Jol o^^tf. oflS. 

i B^^1^E^(MN6)^ ^7] ^tL #^^^.^1 = ^o]o] <^^sl ji ^HiciEL (N4H1 7flolH7} 

<36> £ 4 ^ £ 30] ^. ^ofl 4^. efl^ ^ B^olnjiolcf. 

^£4. < y^^l^(DATA)7V ^b^M" ^ ^l^SHl^CVCC)^ MNl^r 

^^JL M2-& ^^.H^cf. ojofl 4^ ^£L(N2)^ ^^lefl , i(VSS)S. ^o^jji n ^s}- 
MP3^r €^£H ^=(N3)^ ^<y-^ VDD efl^^l ^e)-7>7fl ^t}. 
<38> ojofl DATA7} VCC efl^°l°-^ MP4^ 7]]°]^£\- ^(Vgs)^ (VCC-VDD)7> 

51 °i MP4^ *!i^ZL zl ^ ^=(N4)^ VDD #2}7}-7fl sjcf. 
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<39> tb€ MPl^r i^=(N4)^ VDD ^sfl ^^.H(cut-of f ) 1^7} 7fl 5)J2, 

TflolH^^ feB] 5.-?- ^ VSS efl^o] ol7>£)£.^ MP2^r iSKsaturation)^4. 2r. 
H.(N1)£] ^efl 1 !^ MP2^ ^(saturation) £]*fl Vthp2+V7}- 4gt]-. Vthp2^ MP2 

^ ^-^^H vthpKMPl^ ^^^i^r c] ^ ^i^H7l# ^x}. MP27> £^ 
£)7l ^sfl ^iLtr ^tr^ ^^^l^. °H MP2^ 7-HK resistor)*!^ -§^}7fl t 
JEL(Nl)sq- i^E=(N2)» a^s. 4^ t-m^r §H ^.^^ ^^(overlap 

current path)!- ^r^H ^H#ff7} #7fl ^-43 #^r7fl ^cf. 

<40> mp 5 o} TflojB^ #3] ^(Vgs)^ (Vthp2+V-VDD)7> £M MP5# ^^l^l 

°fl ^ o a-°l ^14. °H #^Jl(0UT)^ VDD 31 ^1 MN5^ ^=(N2)£] 

°fl °l^r °}t>7Ms MP6^ i^(N3)^ *r<M ^*fl ^^.H^ZL MN6tt 

^=(N4)^ ^oj-ofl Q£-s\o] ^ #^aiji(0UTB)^ ^ell^CvSSH 

<4i> ojsq- ^-o] a. ^d\] u\-^ z])^ $^E]o\}A^ mp 5 o) 71HH MN5^ 711 o]H 

oi^ol t^V^ ^-^f^ MP2ofl ^Sfl ^-s^€ ^ 5^ SEtr MP6^ 7|] °] J=L MN6^| 
TflolB 7-1^^ ^-^Rr MP4^1 ^ ^ $i7l nfl^-ofl ^ = 7 > # 

*r ^3 °-5L ^3 #ff-7} t 5U<=r. cfAl^ MP5^f MN57> Al#*> 

¥J1 iEtr MP6^r M67} ^Jl -§^r7l nfl^-ofl ^^- 7 > 

<42> aT-tfls. ^^a]^i(DATA)7> fee) g_^- , ^ ^x) efl^(VSS)^ ^Hlfe MN27> ^^^JI 

^£i(N4)fe VSS Eflt^^l ^^^14. i^=(N4)fe MPl^ 7flolH^] <£^£H 54 MP1 
£r ^l^SlJl MP2S1 TflolHfif ^-2-^ 7i°] ^i^-(Vgs)^ (VCC-VDD)7> S\o] Q£rS\ZL MP2^ 
^^^1^^ ^g-^rTi] i^=(N2)£ VDD ^cf. tr^ MNl^ ^^.^^Jl 
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MP47> 3ESj-(saturation)3<H 2nJ=(N3)fe- Vthp4+V^ #7fl S)H rcj-e)-^ MP6^ 

s\JL ^iL #^^ls(0UTB)^ VDD efl^o] MN6^ ^-E.(N4)£] ^ofl <^*fl 

cf. £*1 MP5^ ii-B(Nl)^ ^S^Jl MN5^r ic.El(N2)£) ^<y-<H] ^Sfl ^ 

3. ^ 7l# -§-0)0] ^ o_ ^ ol^Ei Cf^tb ^ ^ Hi- ^A] 

<*)7} 7}^}^ s$-Qr ?A°}v\. nJ-eH, tg-rgoj ^^^j. 7 ]^^ $ 

<44> Aj.^*}- a).<4 ^-O] , -M. ^6fl ttJ-E. Sfl^ ^HB^oflA^ ^.^^ ^=-7]- ^ & 
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[3^8- 1] 

^11^1^511^4 3*1^16 >W1M ^o\*\±=- A2&<&A^ ^AA^. 

#7l ^ 6\<i\ aV^Alsl- A A <rHd*Hr ^1 ^ *fl2<^ B€*l^; 

#7l ^^"^l^l AA ^11 ^ ^12^-^V H^^l^B^; 

#7l afll^MV H^^l^Ei^- #71 1<^ H^^l^ Aj-ojofl o^Sjjl ^- 7l 
-Si^l -§-^Rr ^ll^^^l H^^l^iEi; 

#7l ^12-^-^ H^^liB-lSq- #7] *fl2<a^ Hqfl^l^ A>olofl o^^SlJl #71 
Jl°11 -§-^>^ ^112^^1 B^l^Ei; 

#71 *flPjMs} HSfl^liE^ #71 *fl 1^1*1 H^l^o] ^^o) Alj- nl aJ- 

71 ^1^^ H^l^l^Ei^ #71 *)U^H*1 B^^l^Bl^ ^^co] Ajloll -g-^H # 

^^1^* lHS*Kr *Hl#3^-; ^ 

#71 *i)2-»M> B^^liE^ #7l ^I2i^^l H^^l^E^ A]Jr ^ #7l 

^12^^ ^A^\$\ #7l ^)12^^1 H^l^^l ^^tro} Aljrofl -g-^H 

#^^1- ^<5Rr ^12#^^1- ^l^Kr *}*= efllS 3^ 

[^^* 2] 

^li^Hi &oh, # 7 i ^ ^i2°j ^ h^i^e^ <a.£^ mqfl^i^Eioi ^ ^ 
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3] 

[^t 1 * 4] 

*fl3*cMl &<H*1, #?1 *fil-*Ml- H^l^E^ TflolH^ #7l ^I2°g^ B^^l^Ei^- 

#71 *H2^*1 B^^l^El^l ^Ic^l #7l ^12^- H^l^E^ TlHB^ 

#71 2=^*1^^ #71 *fil>^*l H^l^E^ ^^=ofl c^S}^ ^ S- 

^SLS. « 41 5.E] . 

[^t 2 -* 5] 

^1%H1 5U°H, #7l afll ^ *fl2:^*l H^l^B-1^ s}2_^ B^fl^l^ol 53^- 
^ efl^ 4=1 =E1. 
[$^* 6] 

^U%H1 5a«H>H, #7] *fli#3-¥-*r, 

#71 ^2#<£*%*m- #71 ^ *1 efl t A>olofl 211^^51^ x\5-^ ^ <fl 

#71 21 2. i H^l^o} TflolH^l^ #71 ^1^> H€^1^E^ #71 *U^*1 
B^^liE-l^ ^ 4^=21 #JL7> ^7}£\JL, #71 <&5-+ B^l^E^ TflolH^l^ #7l 
B^liE^ #71 ^l^^l B^l^E^ ^#^JE.<^ #J17> <?17>51^ ( #7l 
^S.±. B^^l^E^ #7l <&3L^ BSE^E^ ^^i-H^B] #7l #^#Sl7> 
^ ^ *%°-SL Sfe Z]M 3 BE}. 
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7] 

^7l 3Z|2.^ H^l^E^ TflojE^^ sfr 7 ] 42^} H^l^S}- a o v 7 ] afl 2 ^*l 
B^fl^liEi^ ^4^=^ ^1^7}- <y7>S}jl, <#7] °fl£i l^liEl5] T^lB^ #7l 
*fl2<^ H^^l^Ei^- ^-71 2)12^*1 H^l^Sl ^4^=4] A}Jr 7 }. < ?l7l-£|H ) #7] 
3*1 S.^ H^H^^E^ 4>7l <>l£i B^l^o] ^^JEL^JfE-] ^7] #^^]^^ ^^.A] 

8] 

11^^114 3*131^ aW^IM ^oj^ o^^llf ^2*1^1 14 3*1^ a> 
^ l tfl^l ^I4ii=; 

#7] ^\)2^^n^} 4iSL^7\ <&&$3. #7] ^11^=^1 ^efl^lol <£^S\J1 <#7) 
*ll4^JE.ofl 7\)o)m 7 } oi^£)^ H^^l^El; 

#7l ^llii^^l i5.i7} <g^£lJL ^"71 ^12^-^^] S^SH o^ijjl ^-71 ^^^1 
tiJ-^AlJ:^ 7fl°lB7> ^S)^ ^123X1S.>i 

^-71 *fl21cS.*l) 2=efl°l°l ^^5]ZL ^-71 i^.^7> <a^5lJl ^"71 <^ ^ 

^1^1 711 °1 ^7> ^ll^S.^ H 31*1^ J 
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#7l *)1 2*1^1 iii7} ^^i) Jl #7l ^3^-ELofl = eflojo] <g^£|jl #7l 

x\]2±£.°]] 7flo]H7V <g^£l^ ^133] H^^l^; 

#7l ^l3ir.= oll ^£.^7} <£^S\ JL #7l *\}4±^°\} <£^S\JL #7l %m 

^i^l ?\}°}B.7} <£^£]^ ^4-SlS.r^ H^l^B]; 

#7l *)H^-B°11 ^eflo]o] <^^s)ji #7l efl^^i ±_^+ 7 } <g^s)^i #7l 
^Ul^l ti>^i^lJ:o]l 7flo]H7> ^)]2<ffl£^ B*ffl*l^; 

#7l m&Q^}^} ±3-^7} <£^JL -#7} *fll^^°ll 7l]olH7> ^^£)^L 
J^ofl ^.Efl«=Qol oj^£]^ ^15212.^ B^^l^Bi ; 

#7l #^ii=<Hl H-efl^ol o^S} J7 # 7 ] H]2±B.<$ 7]}o)^7\ <£^.S\31 #7l ^*1 

31 M ^^.^7V ^slxr ^I3<a2.i S^i^; 

#?1 ^2^31 1^1 4i^^7}- <^^S]J1 #7l *H31c;E.ofl 7llolH7> #iL 

£iefl^o] <g^£]^ ^16^2.^ Hqfl^l^Bl; 
#71 #iL #?^JE1<H1 Hell^ol <g^£]il #7l >ll4iL=^l 7flolB7> <^^5lJI #71 
nielli i^i7} ^slfe ^4*02.^ B^^l^Bil- ^-«1^ ^-gr ^H) efl 

I^t 1 ^ 93 
^18^1 

#7l ^l^^ell^-g- *I^J13. A>-g-^ #71 oj^ai^ # «V*U1^ #71 <g ^JlsI 
*J€^J># «M*Kr $133* 3 ^3*Hfr 3-§- ^giLS. 3=3. 
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15. 13 



INV2 OUTB INV3 



Mp d I*— l r — ' — ' " — ' — 




OOUT 



DATAB 



N1 



vcc 



VDD 



VDD 



N2 



VDD 



OUT 



OUTB 



VDD 
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INV1 



IS. 4] 

DATA 



VCC 



VCC 



DATAB 



VDD 



N1 I VDD-Vt P 2 

VDD 



N2 



| vss 



VDD 



N3 VDD-Vt P 4 | 
N4 VSS r 



VDD 



OUT 



OUTB 
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